To examine the relationship between the Big Five and cognitive ability, we investigated whether we could replicate in a heterogeneous population sample the positive association between cognitive ability and Openness and Emotional Stability and its negative association with Conscientiousness. Besides analyzing the pure associations, we shed further light on sources of these associations by investigating potential moderating effects of education and labor force participation. Our results clearly replicate the previously found positive association between cognitive ability and Emotional Stability and Openness and the negative relationship between Conscientiousness and cognitive ability. The correlation between cognitive ability and Openness was found to be moderated by educational attainment, the negative association between Conscientiousness and cognitive ability was moderated by labor force participation.
Introduction
The degree to which personality and cognitive ability are related is a question that has generated intensive research and intense debate. Some authors have concluded that intelligence test performance may be influenced by some non-ability traits but that intelligence and personality are two independent constructs (Zeidner & Matthews, 2000) . Others (e.g., Ackerman, 1996) have argued that personality traits play a significant role in the development of intellectual skills. With regard to the most wellestablished model of personality, the Big Five, numerous studies and meta-analyses have indicated a substantial but comparatively modest association between personality and intelligence. The proportion of variance in cognitive ability explained by personality typically ranges between five and ten percent (Furnham, Dissou, Sloan, & Chamorro-Premuzic, 2007) . Studies have consistently found a positive link between cognitive ability and Openness (see, for example, meta-analytical results by Ackerman & Heggestad, 1997 and Von Stumm & Ackerman, 2013) and Emotional Stability (e.g., Ackerman & Heggestad, 1997; Moutafi, Furnham, & Crump, 2003; Zeidner & Matthews, 2000) , and a negative association between cognitive ability and Conscientiousness (e.g., DeYoung, 2011; Furnham et al., 2007; Moutafi et al., 2003; Soubelet & Salthouse, 2011) .
In particular, the negative association between Conscientiousness and cognitive ability appears contradictory at first sight, given that both intelligence and Conscientiousness are positively associated with work-related outcomes (e.g., Barrick & Mount, 1991; Gottfredson, 1997; Schmidt & Hunter, 1998) . As one possible explanation for this ''mysterious" effect (see Furnham et al., 2007) , it has been suggested that the consistently found negative association between Conscientiousness and intelligence might be a methodological artifact caused by a sampling bias (e.g., Murray, Johnson, McGue, & Iacono, 2014; Soubelet & Salthouse, 2011) . Almost all of these studies investigated only college student populations (see Furnham et al., 2007) , and thus samples that are comparatively homogeneous with regard to education, age, labor market experience, and intelligence itself. Hence, the negative association might have been artificially created because individuals with low cognitive ability and low Conscientiousness were missing from the samples (see Major, Johnson, & Deary, 2014) . Whether the negative association between Conscientiousness and cognitive ability can be replicated in a more heterogeneous adult population and can therefore be regarded as a general effect is a hitherto unanswered question.
Besides offering methodological explanations, some researchers have also tried to explain the negative association between cognitive competencies and Conscientiousness substantively. Moutafi et al. (2003) argued that people with lower intelligence use planning and organization to compensate for their disadvantage on intellectual tasks (for a rebuttal, see Murray et al., 2014) .
Measuring cognitive ability
Competence tests, such as those used in the Organisation for Economic Co-operation and Development's (OECD) Programme for International Student Assessment (PISA) and the Trends in International Mathematics and Science Study (TIMSS), are highly correlated with intelligence. For TIMSS, Lynn and Mikk (2007) , for example, report correlations with a general intelligence factor ranging between 0.92 and 1. Similar results can be found for PISA (e.g., Rindermann, 2006) and for the National Adult Literacy Survey (NALS; Gottfredson, 1997) . It has even been debated whether the literacy, mathematics (or numeracy), and science competence tests measure general intelligence from a conceptual and empirical perspective (Rindermann, 2006) . Other researchers have shown, however, that -in addition to general intelligence -such competence tests assess domain-specific competencies (e.g., Baumert, Brunner, Lüdtke, & Trautwein, 2007; Gottfredson, 1997) . This debate notwithstanding, it has been clearly shown that -to a large extent -these competence tests measure general intelligence. Thus, these competence measures can be regarded as appropriate indicators of cognitive ability. For example, Hunt and Wittmann (2008) used the PISA 2003 competence measures as a proxy for intelligence to replicate results on country differences in IQ initially reported by Lynn and Vanhanen (2002) . And Gottfredson (1997) used NALS data to show that general intelligence (g) is associated with cumulative life outcomes such as labor force participation or living in poverty.
Besides being good indicators of cognitive ability, competence measures used in studies such as PISA, TIMSS, and the OECDinitiated Programme for the International Assessment of Adult Competencies (PIAAC; aka ''PISA for adults") have a further advantage compared to the commonly used IQ data -namely, that they are based on probability samples that are representative of the respective target populations (PISA: 15-year-olds; PIAAC: adults between 16 and 65 years of age) in the participating countries.
Aim of the present study
The present study examines the relationship between personality -in particular, the Big Five personality domains -and cognitive ability. As indicators of cognitive ability, we used the competence measures of the literacy and numeracy domains assessed in PIAAC. We investigated whether it was possible to replicate the previously found positive association between cognitive ability and Openness and Emotional Stability and its negative association with Conscientiousness. As it has been suggested that this negative correlation between Conscientiousness and cognitive ability might be caused by biased -primarily college student -samples, we investigated whether this effect was in fact less pronounced in a more heterogeneous adult population. Besides analyzing the pure associations, we aimed to shed further -or new -light on causes of these links by examining potential moderating effects of education and labor force participation.
Method

Sampling method and participants
Data for the present study were collected in part within PIAAC. This programme compares cognitive skills such as literacy and numeracy across a large number of (mainly OECD) countries. For the present research, we analyzed the German PIAAC data.
1 The target population were adults (aged between 16 and 65 years) randomly selected from local population registers in randomly selected municipalities throughout Germany. Participation in PIAAC was voluntary; an incentive of 50 euros was offered upon participation in the survey, which comprised a personal interview (average duration: 45 min) and a cognitive assessment lasting approximately 60 min.
No time limit was imposed on the cognitive test. A detailed description of the sampling procedure and the technical implementation is given in Zabal et al. (2014) . In addition to the PIAAC study conducted in 2012, 3758 of the original 5465 participants in Germany were re-interviewed in 2014 as part of the PIAAC Longitudinal Study (PIAAC-L).
2 Data from the 2012 German PIAAC wave and the 2014 follow-up survey were combined and used for the present analyses.
Measures and procedure
The following variables from PIAAC 2012 were investigated: Verbal and numerical cognitive ability: Literacy and numeracy skills assessed in PIAAC were used as measures of verbal and numerical cognitive ability. Both competencies were assessed using a multistage adaptive testing design comprising a total of 58 items for literacy and 56 items for numeracy. Using a largely randomized procedure, respondents were allocated to the competence domains. Detailed information on the nature of the test and a selection of sample items are provided in the reader's companion for the survey (OECD, 2013a, pp. 17) .
3 For each participant, 10 plausible values were estimated for each competency domain. (For details of the design and the IRT scaling process in PIAAC, see OECD, 2013b). Analyses of the cognitive data were run separately for each of the ten plausible values per domain. Results were then averaged within each domain. Education: Each respondent's highest level of educational attainment was assessed with two separate questions (highest general education and highest vocational education qualification in the categories of the German education system), which were then mapped to the 1997 International Standard Classification of Education (ISCED 1997; [PIAAC 2012 variable: B_Q01a] ).
4 Fortyone respondents who reported that they had a foreign educational qualification for which they were unable to state the German equivalent were excluded from the analyses. In addition variables from the 2014 PIAAC-L follow-up were used for the present analyses:
Labor force participation: All respondents were asked to report whether they were currently employed and, if not, what their current status was (PIAAC-L 2014 variable: perw_14). Based on this, a dichotomous variable was generated and used in the analyses (1 = in full-time employment, 0 = not in full-time employment). Respondents who indicated that they were still undergoing education were excluded from the analyses. The rationale behind dividing respondents into two groups -full-time employed and not full-time employed -was (1) to separate respondents for whom working is the most substantial part of their everyday lives from other respondents, (2) to create categories of similar size, and (3) to simplify the interpretation of the interaction term by creating a binary variable. In addition, a short version of the Big Five Inventory (BFI; John, Donahue, & Kentle, 1991) comprising three items per dimension was administered to respondents in the 2014 follow-up survey to assess their personality. This 15-item questionnaire -originally developed for use in the German Socio-Economic Panel (SOEP; Schupp & Gerlitz, 2014 ) -contains short statements, which are rated on a seven-point Likert scale ranging from 1 = ''does not apply at all" to 7 = ''applies completely." Studies investigating the reliability and validity of this BFI-S have concluded that its psychometric properties were acceptable (e.g., Hahn, Gottschling, & Spinath, 2012) . In the present sample, Cronbach's alpha for the BFI-S scales ranged between 0.41 for Agreeableness and 0.69 for Extraversion. 6 As our study design -though longitudinal -includes only one assessment of cognitive abilities and personality, respectively, we subjected the data to cross-sectional analysis.
Results
To what degree is personality related to a person's cognitive ability? To investigate this question, we correlated the scale scores for the Big Five dimensions with the estimates for verbal and numerical ability. Besides means and standard deviations for the five personality domains, Table 1 shows the resulting correlations between the Big Five and verbal and numerical ability. For both competency domains, the strongest correlation found was with Emotional Stability (0.11 and 0.14, respectively), indicating that emotionally stable persons have, on average, higher verbal and numerical abilities. In addition, both abilities were found to be significantly negatively related to Conscientiousness (À0.09 and À0.08, respectively). Smaller, but still significant, correlations were found between both cognitive abilities and Openness and Extraversion, indicating that introverts (À0.05 and À0.06, respectively) and open persons (0.05 for both domains) have, on average, higher cognitive abilities.
In a second step, we analyzed the degree to which the Big Five personality domains incrementally predict cognitive ability. Studies have shown that intelligence is highly related to education and to work outcomes (e.g., Gottfredson, 1997; Schmidt & Hunter, 1998) . We therefore investigated the extent to which the Big Five contribute to predicting intelligence over and above education and labor force participation.
In a first step, we conducted regression analyses including only the Big Five personality domains. As a recent study (Major et al., 2014) demonstrated that there are also quadratic associations between personality and cognitive ability, we included both linear and quadratic relations in our analyses. In a second and third step, we then included in the regression analyses (a) the highest level of educational attainment and (b) labor force participation. As the highest level of educational attainment is a valid predictor only for those participants who have completed their initial formal education, we excluded all participants from further analyses who reported that they were still undergoing education (N = 544). We conducted the regression analyses separately for each of the ten plausible values and then averaged the regression coefficients across the ten analyses.
The regression results for all three analyses -(1) Big Five only, (2) Big Five and highest educational qualification, and (3) Big Five, highest educational qualification, and labor force participationare displayed in Table 2 . When only the Big Five domains were included in the model, Emotional Stability was the strongest predictor of intelligence, followed by Extraversion, Openness, and Conscientiousness; both Extraversion and Conscientiousness were negatively correlated with cognitive ability. In addition to these linear effects, a small quadratic association of Conscientiousness with both cognitive abilities was also detected, which indicates that very high Conscientiousness scores, in particular, are associated with lower cognitive ability. Overall, the model explained four and six percent of the variance in the two domains, respectively.
In a second step, we investigated the degree to which the Big Five explained additional variance over and above the highest educational qualification, as the primary predictor of cognitive ability. In addition, we analyzed whether the personality domains interacted with the educational qualification in predicting cognitive ability -in other words, whether the ability of persons with higher or lower education was more sensitive to personality effects. We item were measured on a scale from 1 to 7. ** p < 0.01. *** p < 0.001. 6 These coefficients appear low at first sight. However, in evaluating these it has to be kept in mind, that (a) Cronbach's alpha is only a lower bound estimate of reliability for heterogeneous scales, (b) the BFI-S items were selected to be heterogeneous and to represent a maximum bandwidth of the corresponding construct, and (c) the coefficients are in line with earlier studies investigating the psychometric properties of the BFI-S (Hahn et al., 2012) . therefore included the highest educational qualification in the regression. Results reveal that -for both domains -the effects of personality on cognitive ability decreased after controlling for education. Only Emotional Stability (0.06 and 0.10, respectively) and (low) Conscientiousness (À0.11/À0.07 and À0.09/À0.07, respectively) were found to have substantial associations with verbal and numerical ability over and above the educational qualification. In addition to these main effects for both skill domains, Openness significantly interacted with education level in predicting cognitive ability (À0.09 and À0.08, respectively), indicating that persons with a lower level of educational attainment benefit from high Openness with regard to their cognitive abilities.
In a third step, we analyzed (a) whether the Big Five were still predictive of cognitive ability when both educational attainment and labor force participation (in full-time employment vs. not in full-time employment) were taken into account, and (b) whether this predictiveness varied across full-time employed and not fulltime employed respondents. Results regarding the remaining main effects for personality after controlling for both educational attainment and labor force participation 7 are slightly different for the two cognitive abilities: In the case of verbal ability, none of the Big Five domains proved to have a significant direct relationship with the ability level, whereas in the case of numerical ability, Emotional Stability (0.06) followed by Extraversion (À0.06) predicted a significant share of ability after controlling for education and labor force participation. However, the interactions of personality and labor force participation in predicting cognitive ability were absolutely parallel across both domains. Conscientiousness significantly interacted with labor force participation in predicting intelligence (À0.09 for both domains), which indicates that among persons in full-time employment, Conscientiousness is negatively associated with cognitive ability; no such relationship was found among nonemployed persons or persons in part-time employment. 
Discussion
The present study investigated the relationship between personality and cognitive ability. As previous studies have been criticized for investigating student populations only, we examined whether the previously found associations between cognitive ability and Openness and Emotional Stability and its negative association with Conscientiousness could be generalized to a heterogeneous adult population. By analyzing data from the German PIAAC and PIAAC-L surveys -using the competence estimates for literacy and numeracy as indicators of verbal and numerical cognitive ability -we also investigated the degree to which these associations replicated in a linguistic and cultural setting other than those featured in earlier studies that focused on US or British samples.
Based on this heterogeneous sample, the magnitude of the variance explained by the Big Five personality domains is, overall, highly comparable with that reported by earlier studies in this field that were based on selective samples (see Furnham et al., 2007) . In addition, our results clearly replicated the positive association typically found between cognitive ability and Emotional Stability; this replication was completely consistent across verbal and numerical ability. In addition, we were also able to confirm the positive relationship between cognitive ability and Openness. However, the latter effect was found to interact with the person's level of educational attainment: High Openness was a predictor of cognitive ability only for persons with low educational qualifications. For highly educated persons, by contrast, no such relationship could be identified. Our results thus suggest that being openminded and intellectually interested can be beneficial to the intellectual development of persons socialized in intellectually less stimulating surroundings -that is, persons who leave the education system early. Alternatively, it could be that persons with comparatively higher cognitive ability leaving the educational system early become more open-minded and curious, e.g. to retain intellectual stimulating surroundings.
Theorists have debated possible explanations for the regularly found negative association between Conscientiousness and cognitive ability. One hypothesis that has been proposed is that this correlation is a methodological artifact caused by the sampling bias of previous studies. If this hypothesis that the negative correlation between intelligence and Conscientiousness applies only to highly educated college student populations were correct, an interaction between education and Conscientiousness should be found in predicting ability in a heterogeneous sample. We therefore investigated (a) the extent to which this correlation was replicated in data representing the full adult population and (b) whether we could identify this hypothesized interaction of education and Conscientiousness in this comprehensive data set. On the basis of these data, we were able to negate this hypothesis and to show that this negative association is not in fact caused by a sampling bias. Rather, in a heterogeneous population sample, too, there is a negative association between verbal and numerical ability and Conscientiousness. As suggested by Major et al. (2014) , we also investigated quadratic effects and found a negative quadratic association between Conscientiousness and ability, which indicates that very highly conscientious respondents, in particular, show lower cognitive ability. In addition, our analyses revealed no interaction between Conscientiousness and education in predicting cognitive ability. Our results therefore support the assumption that there is a negative relationship between Conscientiousness and cognitive ability and contribute to further understanding this association. We could show that the relationship between Conscientiousness and cognitive ability is moderated by labor force participation and that the negative association between Conscientiousness and intelligence applies only to persons in full-time employment. Conscientiousness and intelligence are both highly relevant criteria for job success (e.g., Barrick & Mount, 1991; Gottfredson, 1997; Schmidt & Hunter, 1998) . Our results can thus be interpreted as supporting the intelligence compensation hypothesis (Moutafi et al., 2003) , which assumes that, on the labor market, people can compensate comparatively low cognitive ability with high Conscientiousness. By contrast, more cognitively talented persons fulfill their job requirements more easily and do not therefore need to be as conscientious. Alternatively, however, the interaction effect of labor force participation and Conscientiousness on cognitive ability found here might reflect personality differences among occupations. It could be the case, for example, that lower-skilled workers are more conscientious than highskilled persons.
Our study thus showed that the negative association between Conscientiousness and intelligence is not restricted to college student populations. Rather, our findings provide preliminary evidence that this association can indeed be found in the total population, albeit not in a uniform way: It is more pronounced among persons in full-time employment. Hence, our results support the assumption that low cognitive abilities can be compensated with high Conscientiousness.
However, as the present study investigated the Big Five personality domains using a very brief instrument, further studies are needed that replicate the effects found here using longer Big Five instruments that also allow differential effects of the domain's facets to be examined.
Another limitation of the present study -or at least one difference between it and earlier studies -might be the fact that ability was assessed in a low-stakes setting, which may have affected the individual's test motivation. As shown in a recent study (Duckworth, Quinn, Lynam, Loeber, & Stouthamer-Loeber, 2011) , test motivation can have an impact not only on the test scores themselves but also on associations of ability with life outcomes, for example, with personality characteristics.
In sum, our findings clearly replicate the simple positive association between cognitive ability and Emotional Stability and Openness and its negative association with Conscientiousness. In addition, we were able to show that the association with Openness is moderated by education insofar as only persons with a low level of education benefit intellectually from high Openness. Labor force participation moderates the negative association between cognitive ability and Conscientiousness, indicating that Conscientiousness is negatively linked to cognitive ability only among persons in full-time employment. Hence, our results contribute to understanding the associations between personality and cognitive ability.
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